Introduction
For display applications, bank surface is required liquid repellency to keep different color ink separation during pixel formation by ink-jet method [1] (Fig. 1(a) ). The lyophobic bank is made with a resist which can be patterned via photolithography to form a (sub)micrometer-scale.
In photolithography, temporary photomask shades selected areas of the resist film. On the other hand, non-topcoat immersion resist film surface is required dynamic water repellency to prevent watermark defects and leaching of resist components for semiconductor application [2] (Fig. 1(b) ). Their performances are evaluated by static contact angle for ink solvent and by receding contact angle for water, respectively. One of method to achieve these goals is addition of fluorine lyophobic materials in the resist composition. We have investigated and synthesized the appropriate fluoroacrylate monomer "Rf(C4)α -X" [ Fig. 2 ] with short fluoroalkyl (= Rf) chain for these applications, which has a good balance between lyophobic and compatible properties [3] . In this study, we report the effect of Rf(Cn)(meth)acrylate copolymer, i.e. "F polymer", in lyophobic resist on lyophobic and development properties. [4] .
2.Results and Discussion
However, in this research, we developed Rf(C4)α-X, which show very high dynamic liquid repellency compare with Rf(C4) acrylate and Rf(C4) methacrylate (Table 1 and Fig. 3 ). Table 1 . Tg, dynamic contact angle and sliding angle against n-hexadecane (5 μL) of Rf(Cn)(meth)acrylate homopolymer. Table 1 shows the glass transition points (Tg), dynamic contact angle and sliding angle against n-hexadecane (5μL) of several Rf(Cn) (meth)acrylate homopolymers. The acrylate homopolymer with Rf(C4) has a Tg of -12 ℃, much lower than room temperature. The Tg of methacrylate homopolymer is 32 ℃ , slightly higher than room temperature. That of α -X homopolymer is 88 ℃, even better than that of C8 acrylate homopolymer. C6 homopolymers show the same tendency.
The dynamic contact angles were measured using an inclinable plane. The stage is tilted until the 5 μL droplet begins to slide down onto the sample. We can then determine the advancing contact angle (θa), receding contact angle (θr), and sliding angle (α). Contact angle hysteresis is an important factor determining the sliding angle [5] . The sliding angle reveals the minimum force necessary to move the droplet, and represents the ability of the droplets to move across a surface. Small hysteresis results in a very small sliding angle, so little force is needed to move the droplet. The α-X C4 variant shows very high dynamic liquid repellency compared to acrylate and methacrylate. It matches that of C8 acrylate. These results suggest that the α-X groups restrict the surface molecular mobility of the fluoroalkyl chains so surface rearrangement is greatly restricted.
2.2 Effect of Rf(Cn)(meth)acrylate repeating unit of F Polymer in fluorine lyophobic resist on lyophobic properties Rf(Cn)(meth)acrylate homopolymers can't mix with the resist and develop, because they are insoluble in common resist solvents, i.e., PGMEA and alkali solution. So, the Rf(Cn)(meth)acrylate was polymerized with methacrylic acid and alkyl methacrylate. Methacrylic acid provided alkali solubility, cross-linkage of UV exposed areas, while alkyl methacrylate provided solubility in the resist solvent. Our lyophobic resist recipe is chemical amplification type with negative tone, solid content is 25 wt%. The acid generated from a photo-acid-generator bridges F Polymer, alkali-soluble polymer and melamine resin. Blending quantity of F polymer is 4 wt%, solid measure, unless mentioned otherwise. Resist films were prepared by the sequence of spin-coating, prebake, exposure, post exposure bake, development and postbake.
1 wt% sodium carbonate as the developer was used. Film thickness was 800 nm.
The results for liquid repellency of Rf(Cn)(meth)acrylate copolymers, which have different α position group and Rf carbon number, containing resist films are shown in Figure 4 . The Rf(Cn) α -X copolymer (n=4, 6) shows highest liquid repellency in the Rf(Cn)(meth)acrylate copolymers, even better than Rf(C6) methacrylate copolymer and Rf(C8) acrylate copolymer. We can understood the cause of these resist results are also the surface molecular mobility as the case of homopolymer. 
2.3
The relationship between lyophobic and development properties. 4 wt% F Polymer, which is Rf(C4) α -X copolymer, containing lyophobic resist shows a good balance between lyophobic and development properties [ Fig. 5 ]. The segregation of F Polymer (4 wt%) in resist film occurred during spin coating and the segregation layer was formed with 50 nm thickness (evaluated by GSP TOF-SIMS) near surface.
3. Appendix 3.1 The behavior of F polymer in the lyophobic resist through the film-forming process.
It is well known that the fluoropolymer segregates to the surface and forms a layer to minimize the surface free energy 6) . We are interested in the behavior of F polymer in the lyophobic resist through the film-forming process. ・When does F polymer segregation occur in the resist? ・How thick is the F polymer layer ?
In an attempt to answer the question, We analyzed the resist films by gradient shaving preparation TOF-SIMS.
A knife shaves the sample film on a small, precisely controlled angle less than 1 degree. Analysis of different positions on the shaved sample is then done with a scanning TOS-SIMS beam. In this method, a certain position on the shaved sample corresponds to a particular depth in the sample film. The results are shown in Fig. 6 . In this Figure, the abscissa represents depth in resist film, and the ordinate represents CF 3 + ion intensity, which corresponds to the concentration of fluoroalkyl chain in F polymer. Total film thickness is 800 nm. The key data are shown by the blue ①, red ②, green ③, and yellow ⑥ lines. They plot the CF 3 + ion intensity for resists films with 4 wt% F polymer after spin-coated, after prebake, after exposure, and after postbake, respectively. In all cases, the CF 3 ions are basically restricted to a 50 nm layer at the surface. These results for 4 wt% F polymer reveal that, ・ The segregation of F Polymer occurred during spin coating. ・ The segregation layer was formed with 50 nm thickness near surface.
